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(71) Wc, Monsanto Chemicals 
LiMiTBD, a British Cwnpaay, of Monsanto 
House, 10 — 18 Victoria Street, London, 
S.W.l., do hereby dieclare the invention, for 

5 whidb we pray that ai patent may be granted 
to \}9j and) the method) by wblch it is to be 
petfonnedi to be particularly describetJ in and 
by die following statement: — 

This invention relates to a process of 

10 shaping thennoplastic resin slset, and par- 
ticularly to a process of shaping extruded 
foamed themroplasdc resin sheet. 

Foamed resins have won wide acoeptanoe 
in such applications as insuitatioai and package 

15 ing where the vimies of re^encse, low heat 
conductivity, lightness and moderate rigidity 
are particdiirly prized. EspedaJfy fniosmnent 
anumg the foamed re^ns that have been used 
axe tbe foamed vinylaromatic polymerB> par- 

20 ticuilarly foamed polyslyrene. Foamed lesins 
can be extruded but it has not proved easy 
to shape an extruded sheet of such a material, 
paiticuiarly where the density las beCTs in die 
medium) or low range, for instance less than 

25 ten poimds per ci^ic foot, and the thtdcrtess 
has been greater than about one quartsr of 
an inch. In particular, attempts to vaoium- 
foms foamed polystyrene sheets have given 
products having a strong tendency to warp 

30 after a few days, for it is difficult to ensuze 
even heating of die sheets because of their 
very low thennai conductivity. Furthermore, 
it is mjechanicaiUy diffia^t to arrange the 
vacumn-fonmng of foamed resin sheets "in 

35 line^', ttet is to say shortly after they have 
issued ftom the extruder die^ althot^ such 
in-line operations wwild be very desir^Ie in 
that int^mediate handHng operations would 
thereby be eiiminated. A process has now been 

40 devised by which these difficulties can be 
overcome by shaping the extruded foamed 
sheet while its interior is stil£ plasdic, ihat is 
to say before it has reax^ed the point at wMcb 



it can not be moulded without appHcation of 
heat, from the extrusion process. 

The process of the present invention is one 
for the production of a shaped foamed 
thermoplastic redn sheet, whidi comprises 
extruding a sheet of a foamed thennoplastic 
resin, maintaining the freshly extruded sheet 
under cooling conditions imtil a solidified 
surface skin covers the still-plastic interior 
of the sheet and, before the interior has solidi- 
fied, heating the surface sikin to render it 
l^astic and applying shaping means to the 
sheet. 

By the interior of the sheet is meant that 
portion wlnchi is fuafthest removed from the 
major surfaces of the sheet and which repre- 
sents at least 60% of die duckoess of the 
sheet. 

The extruded f oanted xedn is preferably 
a thermoplastic h0mopol3rmer or copo^mier 
of a monommc oompoimd containing the 
grouping 
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such as an olefin, for example ethylene or 
propylene; a vinyl halide or ester for examsde 
vinyl chloride or vinylacetate; an acrylic acid 
derivative sadb as n::^thyl mediacrylate, ethyl 
acrylate, or aciylanitrile; or a vinyl aromatic 
compound for example styrme, a-methyl- 
styrene or orthowiiforostyrene. 

A preferred resin is a homopolymer or co- 
ptdymer of a vinylaromatic mononKT such as 
for exami^, styrene, ot-cMorostyrene, vinyi- 
toluenc or a-methylstyrene, A copolymer can 
be one <rf a vinylaiomatic monomer with 
another olefinic nionomer^ for example aciylo- 
nitrile, vinyl chloride, vinyl acetate, methyl 
acrylate^ methyf mettwcrylaogj ethyl acrs^ate^ 
bii^diene or isoprene. Toi^;faened pdystyiene 
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can be emplbyed, for instance one that has 
been obtained: by xnodificatioa before or after 
polytnerisatioii with a natural or synthetic 
.TObSjer. Excellent results have been obtained 
5 nang ?*polystyiene and iliis is the most pre- 
■ferrwl resin. Other preferred resins are a 
•styrene/acrylonicrile copolymer (SAN), or an 
aaylonitnle/butadienc/siyiene (ABS) resin. 
The foamed lesin sheet is an extnided one^ 
10 which.means that tie resm fed to the extm- 
sionaiie 'ooncains a blowing agent. This can 
be ^^cfaemicail blowing agent, that is to say 
a substance, sucb as for example sodium bi- 
carbonate, ammoniumi bicarbonate, azodicar- 
15 boxmxide, dixiitrosopentamethylene difitnine 
or barhim azodicaibaxylate, tliat decomposes 
to give a gas under liie conditions of tern- 
peratme and. pressure within tite extruidier, but 
the preferred blowing agent is a volatile sub- 
20 stance. In many instances a voijatile blowing 
agent is one that is a gas or vapour under 
normal atmospheric conditions (such as 20*^0 
and 1 atmosphere pressure)^ but which while 
under pressure before extrusion is present in 
25 sdutioa in the molten: or semi-molten: thermo- 
plastic resin. The blowing agent can, however, 
be one, such as pentane or a pentane fraction^ 
which is a liquid mder normal conditions. 
Examples of volatile substances that can be 
30 iised indude lower aliphatic hytlinocarbons 
such as methane, ethane, ethylene, propane, 
a butane, a butylene;, or a pentane; lower alkyl 
halides such as methyl cMorid^ tcichloro- 
methane or 1,2-dichlorotetrafluDroethane; ace- 
35 rone, and inorganic gases sudi as carbon: 
dioxide or nitrogen. An important property 
of a volatile blowing agent, for the purpose 
of the present iavendon, is the rat3e at "Mdb 
it can permeate out of the freshly extruded 
40 foamed sheet; this wiH be e^lained below. 
For tiie most preferred fbanxed polystyrene 
sheet having a density of 1 to 5 pounds p^ 
cubic foot the preferred blowing agent is 
mediyl diloride. From 3 to 30 per oent^ 
45 especially from 5 to 20 per cent weight 
l^sed on the weight of the resizx is often a 
suitable jproportion of a volatile blowing 
agent, and for example there can oonvemeady 
be used from 7 to 10 per cent by weight of 
50 methyl chloride in coi^unction with poly- 
styrene. When a permanent gas such as nitro- 
geuj or a chemical blowing agent, is em- 
ployed much analler quantities can be axtr 
ploj^d, such as for example 0.2 to 1 per cent 
55 by weight. 

The blowing agent can be mixed with the 
resin in several ways; for exang>le particles 
of the resin can be dusted with the Wowing 
agmt where this is a soHd, or steeped in it 
60 if it is a liquid, before being fed to the 
extruder. A prefened metiiod where the blow- 
ing agent is a volatile substance and the 
extruder is of the screw type is to inject the 
blowing agent under pressing into tiie ex- 
65 trader baxieL 



Wheie the foamed resin is flammable, there 
can be incorporated therein a flame-reiardant 
additive, particularly where the resin is a 
foamed homopolymer or copolymer of a hy- 
drocarbon monomer such as styrene. Other 70 
additives, s\xh as for example oolouraiits, 
antioxidants or plasdcisers, can also be in- 
cluded. 

The resin can be extruded from any smt- 
able die prodtidng a substandal^ flat coher- 75 
ent polymer shcei^ preferably of uniform 
Thirtni*ss. Exanq)les of extruder dies that can 
be used to produce sheet appn^ate for the 
pracdoe of die present invention are des^ 
cribed in British Patent Specifications Nos. 80 
1,034,120, 1,084,000, 1,089,562, 1,098,408, 
1,159,920, 1,166,937 and 1,195,279. 

The most preferred foamed sheet used in 
the process of the invention is, however, one 
in which the cells are elongated in a direction 85 
perpendicular to the surface skin such as 
described for example in British Patent Speci- 
fications 1,089362 and 1,195,279. 

The f oained sh«t preferably has a thickness 
up to 1.25 indi, for example from 0.1 to 1 90 
indi and most preferably from 0.2 to 0.8 
inch, and wWle its density can be chosen 
from a wide range extending almost up to 
that of soHd unfoomed resin it is preferably 
not more than 35 pounds per cubic foot and 95 
very often much less than tbis^ for instance 
from 1 to 10, for example from 2 to 4 and 
especially from 2 to 3 pounds per cubic 
foot 

In the process of the inventi(m, the freshly 100 
extruded sheet is TTwfn^qfpf^ imder cooling 
cqoditioasp, for instance a oooUng atmospber^ 
until a solidified sur&ce skin covers the stiE- 
plastic interior. Normally a ^dn foims oa each 
of the majcxr surfaces of tiie -sheets and the 105 
rigidity of the skins is prefierably such that 
the dieet as a whole is self-supporting. Tlie 
cooling conditions can, for example, comprise 
a water spray or a pair of cooled platens or 
rollers, but pieferab^ the sheet is cooled by 110 
exposuEce to ai cooling atmosphere. This is 
preferably air at room temperature and pres- 
sure, and it can be Wown <hi to the sheet 
if desired. The atmoqrfiere can have a tem- 
perature above or below room temperatme, 115 
provided that it produces the solidified sur- 
face skin. Skin formation does, of course, 
take i^ace as a result of cooling of the surface, 
for exan^le, by radiation and convection, but 
when the blowmg agent employal is a vola- 120 
tile one there is another way in which skin 
formaticHi is assisted. A volatile blowmg agent 
often has a jdasticising action, that is to say 
it reduces ths heat-distortion temperature of 
the resin, and thus when a freshly exoraded 125 
sheet of a foamed resin containing a volatile 
blowmg agent is exposed to the atmosphere 
and the blowing agent is in conseqaence lost 
by permeation from the exposed surface of 
the sheet, a solidified surface ^dn is soon 130 



3 



3 



formed whQe .the si^-im^iariteExxaihs plas- 
tic. 

.Pneferably a ddn repitesenting up to 20% 
of the tMdcness of the sheet is altowiscG to 

5 fonn .on each znajcxi' smfaoe off liifi sheet. 
Mote , pcef erabfyj however^ tbs tindaiess of 
each such a skia lepresents 'fnan 2.5% to 
15% and most ptefieiabiy £nm» 5% t» 10% 
of ^dbe totaiL thickaess -of lixe dxeet. ' NonnaUy 

10 the ^dns oi> the tm mafjor smfacaes axe of 
equaJi tMdkness but' this is not essentiai. 

The -.time dining vMch tbo sheet .can be 
aiHowed; to oooi vdiilist sdSt xetaimtEg thQ plas- 
ticity of the interior depends on the ihick- 

15 ness of the sheet, the axnbieat caadLtioms^ the 
density of the foam amS on tiro -rate at \di£cb 
the blowing agent permeates oieC ffonn the 
foam stnsctme. This last factor can be of 
considerable practical impocctance in view of 

20 the pksticising action of die blowing agent on 
the resin as stated above. By an appnopnate 
choice: of blowing agent it is passible either 
to TTrirrimn'se tiie effect of this plastidsing 
action or to -utilise it^ aocorduig to pracricaii 

25 working conditions. For example, where (as 
is preferred) the shaping means is located 
rdatively near to the exmider die and it is 
desired to pass the extruded foamed sheet to 
the ^ping means with . only a droit interven- 

30 ing cooling -period, it would be appropriate 
to choose a blowing agent having a leladvely 
hi^ permeation rate so that die cooluig time 
would be only ^ fcw rnfrmtes or even less. In 
this way can be achieved the advtmtages of 

35 "in-line" operation. On the other hami, some 
flexibility of operation can he adnieved -.1^ 
chooang a more slowly^permeating blowing 
agent so that the cooling* time can be longer, 
for example up to several hour?, so that a 

40 working stsock of- unsbapedfbanncd resin sheets 
can be hdd in order ta absorb any sasa^ 
variations in the speed of the extnxdhr or tiie 
shaping means* In general *the time firing 
winch the foamed sheet can be aHowed to cooif 

45 can be as little as 5 minutes or less;, or as 
. long as 12 hours or more, depending m the 
blowing agent permeation rate. Examples of 
rapidly-permeatmg blowmg agents aie msthyl 
cMoride or a mixtine of methyl! chloride and 

50 methylene dichlaride, whereas dichloiv^di- 
fluoiometliane is rel^veJy slow. The rate at 
which any particcdar bI:owing agent permeates 
away is best foimd by e^>eriment under 
acttKil operating conditions. The blowmg 

55 agent can be a mixture of compoands so as 
to give the requfred rate of solidihcation to 
the sheet interior. 

It is therefore not poss2>le to give a definite 
ruile for the length of die cooling time. For 

60 exnmpie^ however, it has been fomid that if 
a foamed polystyrene sheet is i inch in thick- 
ness and -i^ been foamed imng a methyl 
cMoride-Ubwing agenr to give a foam haviog 
a d)en^ty of fmm 2 to 3 potnids per oibic 

^5 foot;, it-can be. left in air at toom temperatixxe 



for tip to ."2 hours such as:for exanxple from 
5 minntes to IJ iKyurs beforer the interior por- 
tion is no longer plastic. In practice, with a 
^beet of the above description the cooling time 
is eocnvcnientiy.fram 5 to 60 minutes, prefer- 70 
ably "from 10 to 30 mintEtes, for example 
abwit 10 miniTtes. 

Tire heat aj^ed to the siirfaoe skin to 
render it plastic before the application of the 
shaping means is normally api^ed to each 75 
major surface oi the sheet;, preferably to both, 
at the same.tune. It can be acccRnipii^ed'by 
any oonvenient means such as, for exmnplej 
a raxliant heating panel, an infra red lBsiq)^.:an 
electric strip heater .or a .oeramac radiamr 80 
with embe&ed heating elements. A xadiant 
heater supplyii^ heat to die surfece of the 
Xnlymer sheet ac a rate of from 0.05 to 1 
watt per square cenrimeiTe> pzef erahly 'from 
0.1 to 0.85 socb as -for exampde -fran 0:25 85 
to 0:50 watt per square , centimetre, is norm- 
sMy suitable. 

The heating is continued until the surface 
skins of the foamed, resm ^heet are sufladentty 
plastic to allow the sheet to be shaped. The 90 
degree of heating is .^preferably sufficient to 
rate the temperature of .die surface skin to 
frQm:3 to 20^C such from 5 to .15®C above 
the heat distortion tenqjerature of the foamed 
resm (dlowance being made for any resi&al! 95 
volatile biowing ^ent that :might still be 
present in the resin of the skin). Very satis- 
factory rKolts have been obtained by heating 
the surface skin to from 7 to 10°C above 
the" heat distortion' temperature of the foamed 100 
resin. The heating -.time will depend on the 
intensity of the heating employed ancd the 
diickness and den^ty of the foam sheet, and 
is thus best found hy experiment. In general, 
a heating time betcveen '5 secraids and 5 105 
mimxtes is usually st^caent, rptef erably be- 
tween 10 seconds and 3 minutes; 

The shaping means employed can for. in- 
stance be any conventional fluid-piessare 
forming means, matdied dies, or a ocanbina- 110 
tiffli of two or more of these, methods, for 
exanople the ^xaping can be .accomplished 
by the ise of male md female, moulds assisted 
by evacuation of the female mould, during the 
shaping process. 115 

-Fluid-pressine forming is a process in 
which a heat softened sheet is forced by 
means of a differential fluid-pressure .into 
oonf armLiy with a mouM md is then idlowed 
to .cool nnfil' it is set in the shape of the 120 
modd. .Usually tbe.mcHdd is. ooded^ for in^ 
sconce by water. 

A fluid-pressure forming .process cm be 
the process known as vacuimx 'forming vdiere 
the dtfferentiaf flmd-pressnte is . achieved by 125 
tedncmg the air presaire an the same ade of 
the sheet as tiie uKnild, or a pressure-forming 
proc^ wisre a compressed gas (isuaily ai^ 
is app^kd to the other side of the sheet; 
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altem^vidy a combinatioii of both mediods 
can be empioyed. 

Where & fluid-pressuie fonning process is 
employed the length of time that the ^leet 

5 is held in contact with the mould depaids 
on the thickaess and density of the sheet as 
well as the mould temperature, but nonnaEy 
does not exceed 1 minute, and is often feoat 
1 second to 30 seconds. Thn^ by way of 

10 illnstration, a dieet of density 2 to 3 pounds 
per cubic foot and titiciaiess i inch nonnaHy 
requiies from 2 to 20 seconds. The pressuie 
enxployed in a fiuid-psfissuxe fonxnng pro- 
cess should, of course, not be so great as txy 

15 cause collapse of the foam. Aboux 3 to 10 
pounds per square indt is often satisfac- 
tory. 

Other examples of shaping means that axe 
suitable foe the process of tins invention ctxm- 

20 prise yn-atr-Htngr male and female mould dies 
or mating rollers (preferably cooled} having 
an appropriate profile, such as for example 
a ooarugated projaie. 
The prtxress of the ihventioni is particidariy 

25 useful for- the production of shaped articles, 
such as for example packaging or other con- 
tainers, in whidi moderate nudity combihed 
with lightness is required. Other shaped 
articles which can very conveniently be made 

30 by the process include coorugated or other 
shaped ^eets of foamed vmylaromatic poly- 
mers, such as are useful in the production 
of heat- and sotmd-insidating buildmg panels, 
and in laminates such as are described in 

35 British Patent Specification No, 1,248,627. 

The inventi(HXi is illustrated by the follow- 
ing Examples. 

EXAMP3LE 1 

. TWs Example dfescribes a process accord- 

40 zng to the invention, for shaping an extruded 
foamed polystyzene sheet. 

An extruded: foamed polystyrene sheet 16 
indies wide and 5/8 fnch thick and <tf density 
2.3 pounds per cubic foot made using 75% 

45 by weight of mediyi diloride as blowing 
agent was allowed to cool in air at 17°C 
until approximately 5 nnnutes after leavmg 
the extrusion die. At this time a solidification 
^dn of thickness about 0.1 inch had formed 

50 on each major surface of the sheets whilst 
the ^eet interior remained plastic. The sheet 
was then pas^ between a pair of dectric 
radiant iKaters supplying heat at an intensity 
of 0.25 watts per square oentimetrB to the 

55 top and bottom surfaces of the sheet. After 
a residence time of 36 seconds between the 
heaters the surface skins had become pla^c 
again and die sleet was then passed between 
a mating pair of ooitu^ated water-cooled 

60 rdlers. A rigid corrugated foamed polystyrene 
sheet was obtained 

EXAMFU 2 

This Example ^sscribes a prooraSj aoocod- 



ing to the invention^ for vacuumnfonxung 

foamed polystyrene stot 65 

A nmnb^ of extruded foamed polystyrene 
sheets of thickness i inch and diensities xang*- 
ing between 2 and 3 pounds per cdbic foot, 
and made using about 7.5% by weifijit of 
methyl chloride as blowing agent, were 70 
allotHred to a>ol in air at 17*»C for 5 minuces 
after lea:viDg tiie extrusion die. The top and 
bottom surfaces of eadi- sheet were heated for 
0.5 minutes witfa electric radiant heaters sap- 
plying heit at an intensity of 0.25 watts per 75 
square centimetre to the surface. They were 
then vaxnnmx formed into seed trays of dimen- 
sions 15i inchesX9J inchesX2 inches and 
wall thickness of i inch. Heating times used 
were in the range of 45 to 60 seconds, and 80 
die motdd dweU times were 10 seoMula in 
each case. 

WHAT WE CLAIM IS: — 

1. A pnxess for the production oi a shaped 
foamed thermoplastic rean sheet, which com- S5 
prises extruding a sheet* of a fosoned thermo- 
plastic resin, maintaining the fresWy estriided _ . , 
sheet under cooling conditions unt& a solidi- 
fied surface skm covers the stiU-plastic in- 
terior of the sheet an<^ before the interior has 90 
solidified, heating the surface ^dn to render 

it pdastic and applying diaping means to the 
sheet. 

2. A process according to Claun 1, in 
which the resin is a thermoplastic homopoly- 
user or copolymer of a vinylaromatic mono^- 
mer. 

3. A proce^ aocordiog to Claim 2, in 
which the zean is polystyxene. 

4. A process acaoxding to any oi the pxe- 100 
ceding daum> in whicik the foamed thenno* 
plastic sheet is produced by feeding to 

an extrusion die a foamable thermoplastic 
resxD containing a Mowing agent that is a 
volattle si^)SGance as herein defined; 105 

5. A process according to Claim 4^ in 
which the blowing agent comprises methyl 
chloride. 

6. A process according to either of Claims 

4 and 5, in which the amoimt of blowing 110 
agent is fromi 5 to 20% by weight based on 
the weight of resin. 

7. A process acoording to any of tiie pre- 
ceding claims, in whidt the fc^med sheet has 

a thickness from 0.1 to 1 inch. 115 

8. A process according to any of the pre- 
ceding dsaxas, in ^^cb the density <^ the 
foamed ^leet is frcwi 1 to 10 pounds per 
cubic foot. 

9. A process according to any of the 120 
preceding ciaims^. in wiiidi a skin is formed 

(Ml each of the major surfaces of the ^ee^ the 
rigidity of the sldns being such that die 
dieet as a whole is seiEf supporting. 

10. A process according to any of the 125 
preceding ds^DS, in which a skin represent- 
ing £rosn 2.5% to 15% of the thidmess of 
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die dieet is aMowedl t0 fomu cm eadi major 
siaf aoB of the simt, 

11. A process accarding to any of tiie 
prsc^ling claims, m wMch die smcface ^dn is 

5 heated by means of at xadfant bea^. 

12. A process according to Claim 11, In 
wMdi the hea^ suj^lies heat to the surface 
of the foamed thermoplastic vosm ^eet a£ a 
rate fromi 0.1 to 0.85 watt per square cend- 

10 metre. 

13. A process according to any of the pre- 
ceding cteims, in which the degree of hid- 
ing is sufficient to raise the temperatuxe of 
the Siur&oe skin by from 7 to 10°C aboevc 

15 the heat distortion temperature of die foamed 
resin. 

14. A process according to any of the pre- 
ceding daimd, in which the stkping means 
comprises a> fltdd pressure forming means. 

20 15. A process according to any of the 



pregyfing daims, ixk which the ^ping means 
oompzises matjdzed dies. 

16. A process BoaardxBg to any of the 
preceding daims, in which there is produced 
a cc»n^ted sheet. 

17. A process according to any of Claims 
1 to 15, io which there is produced a pac^^- 
ing container. 

18. A process for the producdon of a 
shaped foamed resia sheet sd>stantially as 
desciibed in either of the Examples. 

19. A ^ped foamed resin sheet diat has 
been produced 1^ sl process accoxdmg to any 
of the precoling daims. 

a G. WICKHAM, 
Chartered Patent Agent, 

Monsanixy House, 
10 — 18, Victoria Street, 
London^ S.W.I. 
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